Abstract. We compared the avifauna in two cities, Quebec (Canada) and Rennes (France), in order to define general responses of wildlife in an urban ecosystem. These cities have a similar urban structure that permits investigation along an urbanization gradient from downtown to rural residential areas. However, they are in opposite temperate climate and imbedded in a forested and an agricultural landscape, respectively. Plots ranging from 10 to 20 ha were surveyed in winter and spring by recording all birds seen or heard. Most plots could be located along a gradient according to proportions of vegetated open space. Both the Shannon-Wiener and Simpson indices of diversity indicated a pattern of increasing diversity from most to least urbanized areas in spring. Winter species diversity and richness was low in Quebec compared to Rennes, reflecting the much harsher winter conditions in Quebec. Breeding densities of House Sparrows (Passer domesticus) and European Starlings (Sturnus vulgaris) were quite similar in Quebec and Rennes, as were densities of European Blackbirds (Turdus merula) and its ecological equivalent in Quebec, the American Robin (Turdus migratorius). The type of surrounding landscape can not explain the variation of species numbers within the city. If we examine the urban environment as a new ecological system rather than a degraded environment, we can regroup birds in two major species groups: the omnivorous species adapted to the urban environment and its particular food resources such as garbage and the species that find, in the urban environment, resources which they normally exploit in their usual habitat.
INTRODUCTION
boring ecosystems (Duvigneaud 1974) . It is only Urban ecosystems have only recently attracted since the 1970s that urban ecosystems have been the attention of ecologists. Initially, they were examined more broadly, revealing that in spite analyzed in terms of energy transfer with neigh-of extreme urbanization they retained a variety of vegetative structures and supported several I Received 29 September 1997. Accepted 12 March wildlife species (Gilbert 1989, Pontier and Yoc-1998. coz 1991, Adams 1994).
However, despite several descriptive studies of urban flora and fauna (Gilbert 1989) , little research currently is conducted in these ecosystems. Because of their high heterogeneity and dynamic nature, they offer a quasi-experimental set up to study several ecological processes (McDonnell and Picket 1990, Natuhara and Imai 1996). Urban ecosystems are in perpetual change. The progressive urban expansion, the aging of neighborhoods, and the modifications of the structure and functions of urban spaces can affect species abundance and composition (Lancaster and Rees 1979, Dowd 1992) . Urban studies could yield interesting answers on the response of wildlife to their environment, permit integrating urban landscape in wildlife conservation plans, and could provide pertinent information for regional land-planning exercises (Gilbert 1989 , Adams 1994 . objectives were to (1) quantify seasonal changes in bird abundance and diversity along a gradient from downtown to rural areas and (2) identify common attributes of these communities.
METHODS

STUDY AREAS
Rennes is a city of about 200,000 residents located inland in Bretagne, France. It is well vegetated and mainly surrounded by agricultural areas with only a small forest. Quebec has about 650,000 residents which are spread over a much wider area than those of Rennes. It is located on the north shore of the St. Lawrence River and is surrounded mostly by forested landscapes with a few agricultural sectors.
Habitat and environmental modifications induced by urbanization appear generally similar across large geographical areas. However, general conceptualizations are risky as most urban bird studies deal with several sites in a single city (Lucid 1974 , DeGraaf 1976 , Savard 1978 . Thompson et al. (1993) compared garden birds between several European countries and revealed important regional differences. For example, they showed that the number of species in urban, suburban, and rural gardens was similar in countries of northern Europe but not in western and southern Europe. Few studies have even discussed the importance of the landscape surrounding cities when it could have a strong influence on the composition and structure of urban vegetation and wildlife (Forman and Godron 1986, Mills et al. 1989 ).
Sites were located by the same persons in the two cities with a concern for selecting comparable features along the urbanization gradient. We used spatial names as defined by geographers: the historic center of the town, i.e., the downtown, the peripheral residential areas with a pericentral and a peripheric sector, and the periurban sector which surrounds the town. We selected seven residential plots in Quebec along an urbanization gradient (Table 1) ; three in or around the downtown area: downtown, Limoilou, and Montcalm, two in peripheral residential areas: Sillery, and Les Saules, and two in the periurban sector: Saint-Augustin, and AncienneLorette. Six plots were selected in Rennes along a similar urbanization gradient (Table 1) ; three in or around the downtown area: downtown, SCvigd, and Ste-The&se, one in a peripheral residential sector: Ste-Elizabeth, and two in the periurban fringe: St-Erblon and La Frinibre. We compared the bird communities of two cities that are quite close structurally (two old cities of European style in a temperate climate), so that they should have a similar avifauna, yet differed in one city being in a warm Atlantic temperate climate vs. cold inland temperate climate and in an agricultural landscape vs. a forested one. We employed a method based on urbanization gradients (McDonnel et al. 1993) used recently on birds (Blair 1996) to compare the city of Quebec (Canada) and Rennes (France).
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We also selected two large apartment building complexes in the peripheral sector of each city. These two complexes differed in terms of age and level of urbanization. In Quebec, the most urbanized complex was Charlesbourg, located on the outskirts of the old part of the city. The other plot selected was Pointe Ste-Foy, a newly built apartment complex. In Rennes, the most urbanized complex was Le Blosne and the least urbanized Beaulieu. We listed these complexes at the end of the gradient to maintain a more simple gradient in terms of % of vegetated open areas. In fact, they are located at different places in the gradient whether we use the building or vegetation components. We excluded all natural areas such as parks, woodlots, or ponds from the We examined how the structure and composition of bird communities were affected by levels of urbanization and we compared their resoonse in the two cities. More soecificallv. our 
BIRD DIVERSITY DECREASES WITH URBANIZATION
Bird diversity can be expressed in various ways depending upon emphasis put on richness or evenness (Magurran 1988 ). All indices used suggested an increase in diversity from most to least urbanized plots in spring (Table 2) and winter (Table 3) in both cities. However, a significant correlation between vegetated cover percentage and each bird diversity index was obtained in spring in both regions (Spearman r always > 0.77 and P always < 0.04), whereas no correlation was found in winter. In this last season, some urban plots (e.g., Sillery or Beaulieu) had better diversity than periurban plots and seem to act as refuge for some species.
In Quebec, during spring, the downtown and Limoilou plots had less diverse bird communities than more peripheral residential areas. The old and more urbanized apartment building plot (Charlesbourg) supported a less diverse and even bird community than the newly built plot (Pointe Ste-Foy). As in Quebec, the downtown area in Rennes had a lower diversity than peripheral and periurban areas, and the more urbanized apartment complex (Le Blosne) had a lower diversity than the more vegetated one (Beaulieu).
In Quebec, all diversity indices were much lower in winter than in spring (Z = 2.67, P = 0.01, Wilcoxon test), but there was no difference in Rennes (Z = 0.85, P = 0.40). Some residential areas were more diverse in winter, especially areas adjacent to the downtown center (SCvignC and Ste-The&se). Winter species diversity and richness was quite low in Quebec compared to Rennes. Winter diversity indices were nearly twice as high in Rennes compared to Quebec. Evenness was lowest in the downtown area in both cities and in the most urbanized apartment building complex, more so in Quebec (0.59 vs 0.72, respectively) than in Rennes (0.81 vs 0.86, respectively). As a whole, evenness of bird com- munities did not differ significantly in Rennes between spring and winter (2 = 0.93, P = 0.35, n = 8, Wilcoxon test) nor in Quebec (2 = -1.61, P = 0.11, n = 9). In Quebec, for at least four plots (downtown, Limoilou, St-Augustin, Anciemre-Lorette), evenness was lower in winter (Tables 2, 3 ). In Rennes, evenness was lower in winter than in spring in the downtown area but not in other areas (Tables 2, 3 ).
BIRD ABUNDANCE INCREASES WITH URBANIZATION
In Quebec, during then breectffig season, bird abundance varied greatly between plots, showing a bimodal distribution with a peak in the most urbanized residential plot, Limoilou, and another peak in residential areas with the most vegetation and open space, Les Saules and StAugustin (Table 2) . Bird abundance was especially low in the downtown area and in the newly built Pointe Ste-Foy. Introduced species were most numerous in the more urbanized plots where they also accounted for a greater proportion of the birds. Indigenous species were most abundant in the well-vegetated residential areas.
In winter (Table 3) , more urbanized areas had higher densities of birds, whereas less urbanized areas supported fewer birds. The increase in the urbanized areas was due to introduced species (House Sparrow, European Starling, Rock Dove), which represented over 90% of the winter bird community. Their dominance was lower in less urbanized plots, although they still represented a greater proportion of the avifauna in winter than spring.
Breeding bird densities were higher in Rennes than Quebec, especially in the most urbanized areas. Density in the downtown area was nearly four times greater in Rennes than in Quebec. Overall, bird density averaged only 84.8 + 10.0 birds per 10 ha in Quebec compared to 172.7 ? 19.1 for Rennes. The variation in density between plots was similar in Rennes (CV = 31.4%) and in Quebec (CV = 35.9%). Rock Doves, European Starlings, and House Sparrows did not dominate the avifauna in Rennes, although they were abundant. The gradient of decreasing dominance of these species from downtown to peripheral areas also was apparent in Rennes during the breeding season.
As expected, winter bird densities were higher in Rennes (131.7 2 18.3) than in Quebec (58.4 +-8.3 in 1995; 64.9 2 9.5 in 1996), but differences were smaller than during the breeding season. Winter bird densities in Rennes were lower in winter than spring in all plots, contrasting with Quebec where bird densities were higher in winter in some of the most urbanized plots (Table 3). In Rennes, Rock Dove, European Starling, and House Sparrow dominance as a group was higher in winter in the three most urbanized plots but not in the other plots. As in spring, these three species dominated less the winter avifauna of Rennes than that of Quebec.
The contribution of introduced and native species to the total breeding density varied along the urbanization gradient and contrasted between Quebec and Rennes. In Quebec, breeding densities of introduced and native species tended to be negatively correlated (1. = -0.22, IZ = 9), whereas in Rennes they were positively correlated (T = 0.40, n = 8). Winter densities of introduced and native species tended to be negatively correlated along the urbanization gradient, especially in Quebec (r = -0.49, IZ = 9) compared to Rennes (r = -0.20, n = 8). Although not statistically significant, these correlations suggest differences in the organization of bird communities in relation to the urbanization gradient and to the importance of introduced species in bird communities. Bird abundance increased with urbanization as introduced species increased. Densities of other species seemed more dependent on climatic conditions and features of urban plots.
COMMUNITY STRUCTURE
Bird communities are structured according to the&% species richness, composition, and abundance. Similarity indices combine these parameters and provide a global comparison of bird communities. In Quebec, patterns of species richness and abundance indicated differences in bird communities between plots and seasons. Similarity measures (Horn index, Krebs 1989) regrouped the most urbanized plots (downtown, Limoilou, and Charlesbourg) together in spring and winter (Fig. 1) . In spring, the rural area differed from all other plots, whereas in winter it was Sillery, an urban plot, that had quite a distinct bird community. The two most vegetated residential areas with small trees (St-Augustin and Les Saules) had fairly similar bird communities in spring.
In Rennes, plot grouping also reflected the urbanization gradient (Fig. 1) . The downtown area contrasted greatly with other plots having a distinct bird community in both spring and winter. the environment and responded differently in the two cities (Fig. 2) . In Rennes, these birds were nearly absent from downtown (Sl) in winter. They represented 30-40% of the bird comrnunity in other urban plots (S2-S3) and 50% in periurban plots (S4). In spring, they represented similar proportions of the bird community in S3 and S4 as they did in winter, but nearly 20% more in the most urbanized sectors (Sl and S2). This highlights the small seasonal differences observed in Rennes and the spring influx of aerial insect feeders (swifts) in the most urbanized plots.
In QuCbec, insect feeders were nearly absent from the city in winter. Only one plot (Sillery, S3) supported a proportion of insect feeders similar to that of Rennes, probably because of its well developed vegetation (old trees). In spring, the proportion of insect feeders in the community followed the urbanization gradient coming close to, but not over, proportions in Rennes.
The omnivorous guild was clearly the typical guild of urbanized sectors. In Rennes, they represented a large proportion of the community in terms of numbers, their dominance decreasing along the downtown-rural gradient in both spring and winter. In Qukbec, they accounted for more than 95% of the birds seen in winter and still dominated the spring avifauna, representing up to 40% of the birds.
MAIN SPECIES IN TOWN
Like most bird communities, urban communities were dominated by a few abundant species. In QuCbec, during spring, the three most numerous species accounted on average for 59.1 +-5.2% of the birds of a given area. In Rennes, they averaged 53.7 + 4.7% of the birds. In both cities dominance was highest in the most urbanized portion of the gradient and lowest in the least urbanized. Three species, the House Sparrow, European Starling, and Rock Dove occurred in both cities and, as a group, dominated the avifauna of most plots in both spring and winter.
Spring The higher bird diversity in spring than winter in Quebec is typical of Canadian cities (Savard 1978) and is due mostly to the harsh winter climates. It contrasts with the pattern of higher winter diversity observed in Rennes. The lower evenness observed in the downtown area compared to other sectors in Quebec and Rennes was not observed in Toronto, Canada (Savard 1978) or Syracuse, New York (Johnsen and Vandruff 1987). However, as in our study, the most natural area in Toronto had the highest evenness, and evenness tended to be higher in spring than winter (Savard 1978) .
Our results permit us to generalize the response of the avifauna to the structure of temperate cities: the number of species decreases with level of urbanization. We also can qualify it in relation to intrinsic plot features, especially the importance of vegetation and climate, particularly snow on the ground. As most urban avifauna is composed of species not common in the surrounding landscape, the landscape context does not seem to play a crucial role in structuring the urban bird community. This is amplified by the functional differences of urban ecosystems compared to natural ones ( 
